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(54) Title: AN INTRAVASCULAR ELECTRODE LEAD USABLE FOR CARDIAC DEFIBRILLATION 

(57) Abstract I mTu 

An intravascular electrode lead usable for cardiac defibrillation com- 
prises a lead body (1 1) and an electrode arrangement (12) carried by said lead 
body and insertable into an atrial or ventricular room, said electrode arrange- 
ment comprising a number of elongate flexible electrodes (13). The electrodes 
(13) are anchored to the lead body (11) adjacent to each other at their one 
ends. For the rest, they are resiliently movable in relation to the lead body (1 1) 
from laterally retracted positions, in which they are located adjacent to each 
other, to laterally expanded positions, in which they may bear resiliently 
against the surrounding wall (22) of said room. 
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An intravascular electrode lead usable 
for cardiac def ibillation 



The present invention relates to an intravascular 
electrode lead usable for cardiac defibrillation, said 
lead being of the kind comprising an elongate electrically 
insulated lead body f and an electrode arrangement carried 
5 by said lead body and insertable into an atrial or ventri- 
cular cardiac room, said electrode arrangement comprising 
a number of elongate flexible electrodes which are arranged 
to be brought into resilient contact with circumferential ly 
spaced portions of the surrounding wall of said room. 

10 An electrode lead of said kind is previously known 

through U.S. patent specification No. 4,641,656 which 
discloses an electrode lead having an electrode arrangement 
which is insertable into a ventricle and which has two 
elongate def ibrillating electrodes which are connected 

15 to each other by means of a bent connecting portion. 

Each one of said two defibrillation electrodes is formed 
by an electrically conductive wire wound on a portion 
of the lead body. This construction of the electrode 
arrangement has several drawbacks. Firstly, as a conse- 

20 quence of the fact that the lead body is utilized as 
a supporting core for the electrodes, the electrodes 
will have a comparatively high stiffness which is un- 
favourable in several respects. Secondly, due to the 
special shape of the electrode arrangement, it is difficult 

25 to place said arrangement in the desired position in 

the ventricle without running the risk of causing damages 
on the surrounding tissue. Furthermore, in practice, 
it is not possible to chose the number of defibrillation 
electrodes in the electrode arrangement larger than two, 

30 Finally, the electrode arrangement can only be placed 
in a ventricle, while it is not suited to be placed in 
an atrium as the bent connecting portion could then damage 
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and disturb the cardiac valves. 

The invention has for its purpose to provide an 
improved electrode lead of the kind initially specified 
which eliminates the above drawbacks of the known lead 
5 above described. 

According to the invention, for the above purpose, 
there is proposed an electrode lead primarily characterized 
in that said electrode arrangement comprises two or more 
elongate flexible electrodes which are anchored to the 

10 lead body adjacent to each other at their one ends, while, 
for the rest, they are movable in relation to the lead 
body in such a manner as to be able to move under the 
action of spring forces from laterally retracated posi- 
tions, in which they extend close to each other along 

15 their whole length and in which they permit an unobstructed 
insertion of the electrode arrangement into said room, 
to laterally expanded positions, in which they may bear 
resiliently against the surrounding wall of said room. 

The above construction of the electrode arrangement 

20 of the electrode lead allows the elongate flexible elect- 
rodes to be made considerable less stiff than what is 
possible in the above described known lead. Moreover, 
the electrode arrangement may be inserted in the desired 
position in an atrial or ventricular room without diff i- 

25 culty and without running the risk of causing any damage 
on the surrounding tissue. Additionally, the number of 
elongate flexible electrodes in the electrode arrangement 
may be chosen substantially larger than two. Thus, the 
electrode arrangement may for instance include between 

30 four and eight such electrodes. 

A special advantage, following from the possibility 
of increasing the number of electrodes in the electrode 
arrangement offered through the invention, is that the 
total contact area between the elongate electrodes and 

35 the surrounding wall of the cardiac room in which the 
electrode arrangement is placed may be considerably in- 
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creased in an easy manner. This means that one may permit 
the current pulses supplied by means of said electrodes 
to have a high amplitude without having to run the risk 
of causing the current density in the tissue provided 
5 in contact with the electrodes to become high enough 
to cause serious damage on said tissue. In this connec- 
tion/ it could be mentioned that the required energy 
contents of the defibrillation pulses usually amount 
to several ten joules. 
10 The electrode lead, proposed according to the 

invention, is well suited for use in combination with 
one or more epicardial defibrillation electrodes as well 
as for intracardial defibrillation. 

According to a preferred embodiment of the inven- 
15 tion, at their other ends, the elongate flexible electrodes 
included in said electrode arrangement may be anchored 
adjacent to each other to a common interconnecting member 
which is arranged for limited movement in the longitudinal 
direction of the electrode arrangement. Said intercon- 
20 necting member may advantageously be arranged, during 
the insertion of the electrode arrangement into said 
room, to be releasably held in a position in which, in 
its turn, it may hold the electrodes in their laterally 
retracted positions, and from which it may be moved under 
25 the action of spring forces in a direction towards said 
one ends of the electrodes upon an insertion of the elect- 
rode arrangement into said room and a release of said 
arrangement, in order hereby to permit a lateral expansion 
of the electrodes along their inner portions. For re- 
30 leasably holding the interconnecting member in said posi- 
tion during the insertion of the electrode arrangement, 
one may use for instance a stylet wire insertable through 
a longitudinal central cavity in the lead body. 

The required spring force for causing said move- 
35 ment of the interconnecting member and said lateral ex- 
pansion of the electrodes may be generated by the elect- 
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rodes themselves through the action of a spring-bias 
stored in each electrode. In order to avoid the need 
for storing any higher spring-bias in the electrodes 
and instead making it possible to make the electrodes 
highly flexible to enable them to adapt themselves easily 
to the shape of the surrounding tissue which varies con- 
tinously during the operation of the heart, said spring 
force or at least a substantial portion thereof may however 
suitably be generated by means of an extension of the 
lead body formed as an elastic tensible member connected 
to said interconnecting member. 

According to an alternative embodiment of the 
invention, the electrodes may be freely movable in lateral 
directions in relation to each other at their other ends. 
15 The electrodes may then suitably have a higher stiffness 
against bending in the circumferential direction of the 
electrode arrangement than in the transversal direction 
of said arrangement. Furthermore, the electrode lead 
may comprise means for releasably holding the free ends 
20 of the electrodes in positions close to each other in 
order hereby to facilitate an insertion of the electrode 
arrangment into said atrial or ventricular room and any 
possible removal of said arrangement from said room. 
By way of example, one possible means usable for said 
25 purpose is a catheter adapted to be pushed over the lead 
body and the electrode arrangement. 

All electrodes of the electrode arrangement may 
be electrically connected to each other. Such a construc- 
tion of the electrode arrangement makes it possible to 
30 have all electrodes connected to a common electrical 
conductor embedded in the lead body. 

However, as an alternative, one or more electrodes 
of the electrode arrangement may be electrically insula- 
ted from the remaining electrodes of said arrangement. 
35 However, this will necessitate a corresponding increase 
in the number of conductors placed in the lead body. 
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Below the invention will be further described 
with reference to the accompanying diagrammatic drawings, 
in which;- 

Figure 1 shows a side elevation of an intravascular 
5 electrode lead according to a first embodiment of the 
invention, selected by way of example, illustrating an 
electrode arrangement of said lead, formed by a number 
of elongate flexible side by side electrodes, in a state 
in which it may be unobstructedly inserted into an atrial 

10 or ventricular room; 

Figure 2 shows a partial side elevation of the 
electrode lead according to Figure 1, illustraing said 
electrode arrangement in a state in which its electrodes 
are arranged to bear resiliently against the surrounding 

15 wall of said room; 

Figure 3 shows a diagrammatic cross-sectional 
view of an electrode arrangement comprising four electrodes; 

Figure 4 is a fragmentary view showing a portion 
of the lead body in longitudinal section; and 

20 Figure 5 is a partial side elevation, corresponding 

to Figure 2, of an electrode lead according to a second 
embodiment of the invention. 

The electrode lead 10 shown in Figure 1 comprises 
an elongate electrically insulated lead body 11, at its 

25 one end carrying an electrode arrangement, generally 
designated 12, which is intended to be inserted into 
an atrial or ventricular cardiac room. Said electrode 
arrangement consists of a number of elongate resiliently 
flexible electrodes 13 which extend in mutually over- 

30 lapping conditions along the length of electrode arrange- 
ment 12 and which is located in spaced apart positions 
along the circumference of said arrangement. For the 
sake of clearness, in Figure 1, only two diametrically 
opposite electrodes 13 have been shown. However, the 

35* number of such electrodes may be chosen substantially 

larger. For instance, arrangement 12 may comprise between 
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four and eight electrodes 13 which may be uniformly or 
non-uniformly distributed along the circumference of 
said arrangemenet. In Figure 3, there is shown a diagram- 
matic cross-sectional view of an electrode arrangement 
5 comprising four non-uniformly distributed electrodes 13. 

At their upper ends according to Figure l f elect- 
rodes 13 are mechanically anchored to lead body 11 and 
connected to one or more electrical conductors embedded 
in said body but not shown in said Figure. By means of 

10 said conductors, the electrodes are connected to a corres- 
ponding number of terminals 14 provided at the other 
end of the lead for connecting the electrodes to outer 
electric circuits. At their lower ends, electrodes 13 
are anchored adjacent to each other to a common inter- 

15 connecting member 15. 

In Figure 1, electrodes 13 have been shown in 
laterally retracted positions, in which they are located 
at a very short distance from each other along their 
whole length and in which they permit an unobstructed 

20 insertion of electrode arrangement 12 into an atrial 
or ventricular room. In Figure 1, the spacing between 
electrodes 13 has been shown exaggerated. Thus, the real 
spacing may be substantially shorter than shown in said 
Figure. In order to make it possible to hold electrodes 

25 13 in their laterally retracted positions during the 

insertion of electrode arrangement 12, lead 10 is provided 
with a stylet wire 16 which extends through a central 
longitudinal cavity in body 11 and by means of which 
interconnecting member 15 may be releasably held in the 

30 position shown in Figure 1, in which it is located at 
maximum distance from body 11. 

When electrode arrangement 12 has been inserted 
into the room in question, stylet wire 16 may be removed. 
Due to a spring-bias stored in each electrode 13, the 

35 electrodes may then move from their laterally retracted 
positions, shown in Figure l f to their laterally expanded 
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positions, shown in Figure 2, in which they may bear 
resiliently against the surrounding wall of said room, 
at least along a substantial portion of their length. 
In Figure 2, the cardiac tissue 22 forming said wall 
5 has been indicated in dash-dotted lines. If the electrodes 
are highly flexible, the required spring force for moving 
the electrodes to their positions shown in Figure 2 may 
alternatively, at least to a large extent, be generated 
by means of an extension 21 of the lead body indicated 
10 in dash-dotted lines in Figure 1 and formed as an elastic 
tensible member which extends to interconnecting member 15 
and is connected to the latter. 

As indicated in dash-dotted lines in Figure 1, 
in addition to electrodes 13, contained in arrangement 
15 12, electrode lead 10 may have a number of additional 

electrode means. Thus, the electrode lead may for instance 
be provided with a tip electrode 18 carried by an addi- 
tional extension 17 projecting from interconnecting member 
15. If electrode arrangement 12 is placed in the right 
20 ventricle, said tip electrode may be brought into contact 
with the apex. Extension 17 may also be provided with 
suitable anchor means 19, as diagrammatical ly indicated. 
Moreover, electrode lead 10 may also be provided with 
an electrode 20 located above electrode arrangement 12 
25 and mounted externally on body 11. This electrode may 

be positioned so as to cause it to become located within 
the superior vena cava when electrode arrangement 12 
is inserted into the right ventricle. Naturally, elect- 
rodes 18 and 20 must also be connected to suitable ter- 
30 minals, similar to terminals 14, by means of which they 
may be connected to outer electric circuits. 

Figure 4 illustrates how, in a manner known per 
se, lead body 11 may be built up from a number of con- 
centric layers, comprising flexible conductors 23, formed 
35 by helically wound metal wire, and flexible tubes 24, 
consisting of an electrically insulating material and 
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surrounding said conductors. If the inner conductor 23 
is connected to apex electrode 18, the elastic tensible 
member 21 may be formed by said conductor and the adjacent 
surrounding flexible tube 24 which for instance may consist 
5 of silicon rubber. 

The embodiment shown in Figure 5 differs from 
the embodiment according to Figures 1 and 2 in that the 
electrodes 13' included in electrode arrangement 12' 
are freely movable in relation to each other at their 

10 one ends. This construction of the electrode arrangement 
12' results in that electrodes 13' may more easily be 
brought into contact with the surrounding cardiac tissue 
22, indicated in dash-dotted lines, along almost their 
entire length. Furthermore, electrodes 13' are anchored 

15 to body 11 • at their lower ends instead of at their upper 
ends. 

In order to reduce the risk of any unintentional 
contact between electrodes 13' as a result of a deflection 
of said electrodes in the circumferential direction of 

20 electrode arrangement 12', said electrodes may suitably 
be formed so as to have a higher stiffness against bending 
in the circumferential direction of the electrode arrange- 
ment than in the transversal direction of said arrangement. 
Such an increased stiffness against bending in the circum-" 

25 ferential direction may for instance be achieved by forming 
the electrodes as generally band-like members. By shaping 
the electrodes in such a manner it is also possible to 
increase their contact area with the surrounding cardiac 
tissue. 

30 In tne embodiment according to Figure 5, the elect- 

rode lead may also be provided for instance with a cathe- 
ter 25 or any other means by which electrodes 13' may 
be held in positions close to each other in order to 
facilitate an insertion of electrode arrangement 12' 

35 into the intended cardiac room. 

In both embodiments, electrodes 13 or 13', respec- 
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tively, may preferably be formed by a core of an electri- 
cally insulating material and a conductive covering pro- 
vided on said core and consisting for instance of a metal 
wire wound around said core. The electrodes may also 
5 consist entirely of partially of a memory metal having 
a suitably selected transistion temperature in order 
to ensure that a spring-bias stored within the electrodes 
will become released only when the electrodes have been 
inserted into the intended cardiac room. Alternatively, 

10 the electrodes may be built up on a core of a memory 
plastic material. 

Electrodes 13 or 13' f respectively, should have 
as large a length as possible in order hereby to form 
large electrode surfaces. Preferably, the electrode length 

15 should be at least about 20 - 30 millimetres. However, 
even a larger electrode length may be desirable per se. 
The outer diameter or transverse dimension of the elect- 
rodes may for instance be in the order of about 2 milli- 
metres. If the electrode arrangement 12 or 12' contains 

20 four electrodes, the above dimensions of the electrodes 

will result in that the total electrode area of the elect- 
rode arrangement will amount to about 5 - about 7 square 
centimetres. 

The invention is not restricted to the embodiments 
25 above described and shown in the drawings. Instead, many 
alternative embodiments are feasible within the scope of 
the invention. By way of example, it could be mentioned 
that, especially in case the elongate flexible electrodes 
contained in the electrode arrangement are freely movable 
30 in relation to each other at their one ends, it is possible 
to use electrodes of mutually different length and to bias 
the electrodes into mutually different shapes. Further, it 
is also possible to provide an electrode lead with two 
electrode arrangements of the kind above described at 
35 two different locations along the length of said lead, 

in which case the two electrode arrangements may be loca- 
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ted in such positions relatively to each other as to 
make it possible to have one of them placed in an atrium 
and the other in the corresponding ventricle. 
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Claims 

1 . An intravascular electrode lead usable for cardiac 
defibrillation, said lead being of the kind comprising 

an elongate electrically insulated lead body and an elect- 
rode arrangement carried by said lead body and insertable 
5 into an atrial or ventricular cardiac room, said electrode 
arrangement comprising a number of elongate flexible 
electrodes which are arranged to be brought into resilient 
contact with circumferential ly spaced portions of the 
surrounding wall of said room, characterized in that 

10 said electrode arrangement (12; 12 •) comprises two or 
more elongate flexible electrodes (13; 13 1 ) which are 
anchored to the lead body (11; 11») adjacent to each 
other at their one ends, while, for the rest, they are 
movable in relation to the lead body in such a manner 

15 as to be able to move, under the action of spring forces, 
from laterally retracted positions in which they extend 
close to each other along their whole length and in which 
they, permit an unobstructed insertion of the electrode 
arrangement (12; 12') into said room, to laterally expanded 

20 positions, in which they may bear resiliently against 
the surrounding wall (22; 22* ) of said room. 

2. An electrode lead according to claim 1, characte- 
rized in that, at their other ends, said electrodes (13) 
are anchored adjacent to each other to a common inter- 

25 connecting member (15) which is arranged for limited 
movement in the longitudinal direction of the electrode 
arrangement (12). 

3. An electrode lead according to claim 2, characte- 
rized in that said interconnecting member (15) is arranged, 

30 during the insertion of the electrode arrangement (12) 
into said room, to be releasably held in a position in 
which, in its turn, it is arranged to hold the electrodes 
(13) in their laterally retracted positions, and from 
which it may be moved, under the action of spring forces, 
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in a direction towards said one ends of the electrodes 
(13) upon an insertion of the electrode arrangement (12) 
into said room and a release of said arrangement, in 
order hereby to permit a lateral expansion of the elect- 
5 rodes aiong their inner portions. 

4. An electrode lead according to claim 3, characte- 
rized in that it comprises an extension (21) of the lead 
body (11) formed as an elastic tensible member connected 
to said interconnecting member (15). 
10 5. An electrode lead according to claim 1, characte- 
rized in that the electrodes (13') are freely movable 
in relation to each other at their other ends. 

6. An electrode lead according to claim 5, charact- 
erized in that the electrodes (13*) have a higher stiffness 

15 against bending in the circumferential direction of the 
electrode arrangement than in the transversal direction 
of said arrangement. 

7. An electrode lead according to claim 5 or 6, 
characterized in that it comprises means for releasably 

20 holding the free ends of the electrodes (13') in positions 
close to each other. 

8. An electrode lead according to any of the preceding 
claims, characterized in that the electrodes (13; 13*) 
are arranged to move from their laterally retracted posi- 

25 tions to their laterally expanded positions through the 
action of a spring-bias stored in them. 

9. An electrode lead according to any of the preceding 
claims, characterized in that all electrodes (13; 13' } 
included in said electrode arrangement (12; 12 •) are 

30 electrically connected to each other. 

10. An electrode lead according to any of claims 1-8, 
characterized in that one or more of the electrodes 

(13; 13') included in the electrode arrangement (12; 12') 
are electrically insulated from the remaining electrodes 
35 of said arrangement. 
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